
I tt 52486 



TECHIIICAL ITOTES 
KATIOIIAL ADVISOBY COMMITTEE EOE ABHOIUUTICS 



CASE FILE 
COPY 



Ho, 486 



THE EFriCT 01 TRIM AIT&LB ON THE TAKE-OFF PEHFORMAKCE 

OP A FLYIITGI- BOAT 

By James M. Shoemaker and John Dawson 
Langley Memorial Aeronautical LaTDoratory 



Washington 
January 1934 



iJATIOSrAL ADVISORY COMMITTEE POE ASHOITAUT I OS 



TECHiriCAL NOTE IJO. 486 



THE EFFECT OF TRIM AIT&LE OU TEE TAKE-OFF PERFOEMAIICE 

OF A FLYIITG BOAT 
By Ja:nes M. Shoemaker and John R. Dawson 



SUMMARY 



Data obtained at the N.A.C.A. tank from tests on the 
models of three flying- "boat hulls - N.A.C.A. Models 11-A, 
16, and 22 - are used to demonstrate the effect of trim 
ane^le on water resistance. A specific example is taken, 
a:id data from Model 11~A are used to show tliat the trim 
aiigle giving miniraum water resistance will give minimum 
total air-plus-water resistance. Total-resistanco curves 
for test trim angles and other angles are compared for the 
sariie example* 

The effect of wind on "best trim angles and upon the 
take-off time and run is shown the working of an example. 

The possibility of using tank data on trim angles as 
an aid in piloting is discussed, and an instrument for use 
in determining the trim angle of seaplanes under way is 
descrihed. The importance of maintaining the best trim 
a:igle throughout the take-off run is indicated. 



lUTEODUCTION 




Although the necessity of running a s©apl|»i* toa«l?^*tt6 
best trim angles during a take-off is genefiSl^ rec*j 
accurate quantitative data on the effect ot'^e^^* ^ 
the best angle have not been heretof orer «%llal>»tfif mm^T^ 
vontional hydrovane type of model test d<nifci^^*'«i*f a 
isfactory basis for such a study. In *lii«vl^ o^.*^** " 
is assumed that the wings remain at a consttBPWllfa OOOffl- 
cient regardless of the trim angle, thus inTOlving an error 
in one of the fundanental variables, the loa* on the water. 
Full-scale er-p er ineut s to determine the effefft of trim an- 
gle upon tal:e.-off T:erformanc3 wo:ild require the develop- 
ment of suitable instriuents. The procedure in such a test 
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would 1^0 to measure tjae acceleration for several trim an- 
gles at a series of speeds in the take-off range* An ac- 
celerometer more sensitive than any available at present, 
or an apcurate record of the variaftlon of speed with time, 
as well as a trim-angle indicator free from the influence 
of longitudinal accelerations would t>o roqulrod. 

Another method pf studying the subject is furnished 
by the data from a complete towing test such as described 
in reference 1, This type of test gives the performance 
of the hull at all the speeds, loads, and angles within 
the working range; hence the effect of changes in any of 
the variables may be investigated. The purpose of the 
present paper is to apply thq data obtained in such tosts 
to a study of the. off ect. of trim angle on seaplane take- • 
off pexf ormaaco, 

■ THE BraCi py TEIM.AIIG-LE. ON. WATER HESI&TASrCB 

When the .water resistance of a model is plotted 
against trim angle for a series of loads and speeds, the 
resulting families of cixrves have the form of those in 
figure 1# The data uaed in c on stru cluing these curves were 
*akon from refer en^ces 2, 3, and 4, which give the charac- 
teristics of II.A.C^A. Models 11-A, 16, and 22, respective- 
ly^ . Although these thr.eO; models represent a considerable 
disparity of form, all the curves of; resistance, against 
trim angle show the same , general trend* Devi«.t ious . of 
more than about 1^ from the best trim anglD result in aa 
appreciable increase inr water resistance over the minimum 
value* 

The straight line drawn* through the curves of figure 
1 represents the best trim angles at the various loads, 
as used to cross-fair the angle against load in the con- 
struction of the. curves of best angle. The line does not 
pass through the exact minimum of the resistance cul've in 
each case; however, it was found that any attempt to ob- 
tain a more accurate value of the best angle caused trouble 
in the subsequent, cross-f ai^^ing, and that better results 
were obtained by drawing a. straight line as shown, consid- 
ering the entire family of loads for a given speed. 
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EFFECT OF WHIG SETTIiltt ON TOTAL RESISTANCE 



The curves of figure 1 estahlish the fact that there 
is a definite trim angle giving the least water resistance 
for each speed and load* The load on the water, however, 
depends upon the wing lift, which in turn depends upon the 
angle of attack. The total resistance of an actual sea- 
plane is rrade up of the water resistance and the air drag, 
iDOth of which thus depend upon the angle of wing setting. 
The iTiOthod of determining the wing setting, outlined in 
reference. 1, consists of making this total resistance a 
minimum at 85 percent o.f the stalling speed. It was as- 
sumed that the best wing setting at this speed would give 
reasonahly good results at other speeds. The validity of 
this assumption for a specific example is shown by the 
curves of figure 2. The calculations required to deter- 
mine the variation of total resistance with the angle of 
wing setting are shown in detail by an example in the ap- 
pendix to this note. The curves show the total resistance 
plotted against angle of wing setting for a series of 
speeds betw.een the hump and s^t-away, including the one at 
85 percent of the stalling speed used to determine the 
wing sotting in the example of reference 2. It is appar- 
ent that the wing setting 'of 6.7 chosen as best at 0,85Vg, 
gives substantially minimum resistance at the other speeds 
up to 95 percent of the stalling speed. At the stalling 
speed, however, the resistance continues to decrease with 
increasing angle of wing setting, indicating that the re- 
sistance is least when all of the load is air-borne. 



EFFECT OF DEVIATION FROM BEST* TRIM ANGLE 



From the considerations of the preceding paragraph it 
meiy be shown that, for this example at least, any ^depar- 
ture from the trim angle giving minimum water resistance 
must cause a corresponding increase in the total resist-- 
ance. This conclusion follows from the fact that the best 
angle of wing setting is substantially constant throughout 
the take-o:ff run, hence no compensating effect is -to be 
expected from the . action of the wing lift when the sea- 
plane is run at other than the best trim anj^*le. 

The effect of deviations of l-l/2° and above and 
below the best trim anj^le is shown quaiititat ively in fig- 
ure 3 for the- example of reference 2. The calculations' 
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involved may "be followed from the example in the appendix^ 
It , ij^ apparent from these curves that the trin should iDe 
heldf ^^TatUin aT^out 1 P'f- the iDost an^le in the tv/o critical 
rogi^q^p;. to avoid sofious loss of not accoloratiiig force, 

;!Dkf|..i^nc^re .of resistance, in the hi^'^h-spcod ranf^e 
caus-ieiL^ty a decreas^^ in. .tiiQ/ triu from the l}est angle is 
canai'depalDly- greater .thaii tiiat caused an increase of 
the -sarae i:iagnitudq.» .: In this region the trin angle shonld 
proljatily not be allowed to fall more than l/2^ "below the 
"best angle. The reason for this increase in resistance is 
evident from the shape of the curves of figure 1 for Model 
11-A at values of Cy = 4,5 and 6*0. The curves of re- 
sistance rise very, rapidly, from the miniraun with decreas- 
ing angle* The time and distance of take-off for those 
deviations from "best angle can he obtained in the usual 
manner; however, it is helioved that the curves of total 
resistance show the necessity of holding the best trim an- 
gle as clearly as it would be shown by. the time and run^ 

The effect of pulling- the seaplane up to hl^^h anf*les 
near get-away may also be seen from figure 3a* .This pro- 
cedure obviously decreases the get-away speed, and hence 
tends to decrease the length of the take-off. If the p\\ll- 
up is started before the stalling speed is reached, how- 
ever, the increase ,in total resistance at speeds near 
stalling may more than offset the advantage obtained. Ex- 
act analysis of a pull-up does not $eem to be feasible 
because of the uncertainties involved in estimating the 
aerodynamic characteristics of the seaplane running on the 
water. It may be concluded from the present example, how- 
ever, that the seaplane should be run at the best trim an- 
gle until the stalling speed is reached, and should then 
be taken off as quickly as possible by applying a positive 
moment with the elevators. 

THE EFFECT OF WIO Oil TEE BEST TRIM AHaLE 



In actual practice a take-off is seldom made in a 
dead calm; consequently the curve of best trim angle for 
a take-off made into a head wind has more significance 
than one obtained from a calculation assuming no wind. 
T:>e procedure involved in determining the take-off charac- 
teristics with a wind is discussed in the appendix of this 
note* A head wind of 25 feet per second is assumed in 
this calculation. The curves of total resistance with and 
without wind are shown in figure 4, together with the 
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thrust curves for the two cases. Tlie values of l/a and 
V/a (where a is the> acceleration and V, the speed) 
are plotted against speed in figures 5 and 6m The take** 
off tine and run obtained from the areas under these 
curves (see referonco l) are: 

Tine Distance 
sec. ft. 

Without wind 39.6 2,570 

With 25 f.p.s. head wind 26.3 1,130 

It has already heen denonst rated that, without wind, 
the trin angle giving the least water resistance also 
gives the least total resistance for a seaplane design in 
which the wing setting has TDeen properly chosen. The pres* 
ent example has heen checked to find whether this charac- 
teristic still holds true with wind. The calculations 
are similar to those made to determine the effect of devi- 
ations from the hest angle without wind, hence are not in- 
cluded in the appendix. They show that, within the accu- 
racy of the test data, the angle giving least water re- 
sistance gives the least total resistance for the exam- 
ple with a 25-f oot-per-second wind. A further check was 
made hy determining the hest angle of wing setting with 
wind. It was found to he almost exactly the same as the 
hest wing setting without wind. 

Figure 7 gives the variation of the hest trim angle 
with speed, with and without a head wind. The curves 
show that, for this example, the effect of a 25-foot-per- 
second head wind is to decrease the "best trim angle for^a 
given water speed hy about 1^ at the hump and ahout 1/2 
near get-away. The change in "best trim angle is thus of 
the same order as the tolerance within which the trim 
angle shoixld he held. The reduction in the length of 
takG-off caused hy the effect of wind also increases, the 
amount of deviation from the hest angle that may he tol- 
erated; hence if the pilot holds the best trim angles for 
a given water speed recommended for a tako-off in a calm, 
the resulting tako-off performance with v/inds up to 25 
feet per second (about 15 knots) will bo reasonably close 
to the best obtainable. 
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IIOTES OK PILOTING 



• ' " An oxpeBioncod'.sGaplane p.ilot can probably obtain 
good take-off . performance xTitli .a given machiiio by deter-- 
mining the trim angle from tlio:"fGol" of the accolorat ion* 
Several considerations lead to the belief^ liOT/ever, tnat 
the best . t'ako-of f performance obtainable by this method 
is considerably inferior to that resulting uhen the best 
trim angles calculated from test data are held througho^xt 
the riin# 'First, the accel erat ion on uhich the pilot has 
to base, his estimate of the most desirable triu an^lo is 
us-aally small. In the example of this -notoj the accel- 
erating force in the critical regioiis is of the order of 
1,000 pounds for a 15,C500-pound seaplane. The resulting 
acceleration is thus only ab6\it one fifteenth that- of 
gra^vity, and changes in so small an acceleration afe'dlf-r' 
ficult to:d^t^bt. Second, changing the trim angle shifts' 
tlie* pilot • is "weight in^ his seat, increasing' further the 
difficulty of interpreting what ho f eels in ii^rms" of ab-- 
'deleratidh of the seaplane. Moreover, -sis the best trim" 
^angle is , variable- th take-off run, the ptoc- ' 

S¥s -of -^determining the correct- trim "at each speed' would ' 
bQ**ratlidr labdf ious as ^yell as open- to possible- errors* iri 
thd p'ilot*s ijudgment;- ■ - 

Although it is admitted that practical cons iderat ibns 
prevent tho'pilot f rom-'adhering strictlyV in every take- 
off, to a trim-angle c^^rve• r^ecbrnmoaid'ed'*"by t]a*e designer, 
it is believed that such curves, -.vhich may bo calculated 
when* the designer has complete -test data' for the'^hlail used, 
would W of considerable assistance ' to a pilot' in bbcomf* • 
thg f&ihillar with a hew type of seaplane* Practice tali-e- 
of f^* made with the aid of an observer who could devote" 
hi^ . attention to ■ the air-speed meter and trim^'angle indi- 
catory would soon give the pilot the »^ f eel" - of the s ea- 
pland'Whell it is rixnning at the best trim an^'le for each 
speed* The resulting take-off performance sho\xld bo con- 
siderably "better than that obtainable by a pilot dep'^nd-' 
itig only upon his unaided senses.- ■ . 

• ;^Ohe dif f in' this procedure arises '^rom the lack 
of a- • sat i6f ac-toTy trlm-angle^^ indicator; ■ \ The -Ufeual-- 1^^ 
or' bubMe type' of inc is- useless -becauise'* it is- 

affected by longitudinal accelerations. ' A forvrard aca-el- 
eration one fifteenth that of gravity will cause the in- 
strument to read about 4^ hi^ih. A gyroscopic instrument 
with a sufficiently open scale would serve, but none is 
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available at present, A ^^raduated, scale on the..bow of the 
seaplane which the pilot can read against . the .horizon 
seems to he ahout the simplest solution to. the j^^^ 
If it is used, some means of locating the pilot^s eye with 
respect to the scale will he necessary* Another instru- 
ment, also using the natural horizon, is shown in figure 
8, The position of the pilot's eye does not affect the 
reading in this case. .The .instrument may he mounted on 
the windshield in such a position, that th(^ iifiage of the 
horizon is thrown on the scale, even in a seaplane ar- 
ranged so that the how ohstructs the pilot's view of the 
horizon at high angles# 



CONCLUSIONS 



The examples of this note are based upon model tests 
that are subject to an unknown scale effect. Although it 
is believed that the scale effect is small because of the 
large size of the models used in the N.A.C.A. tank, it is 
possible that some of the effects noted do not apply 
strictly to full-scale conditions. The design conditions 
assumed in these examples approximate those of a rather 
heavily loaded flying boat. The importance of the whole 
subject of best trim angles is considerably reduced when 
a seaplane of low power loading is being considered. 

Subject to these qualifications, and to such others 
as may arise from peculiarities in the water performance 
of a given hull form, the following conclusions may bo 
drawn from the examples presented: 

1. The angle of wing setting selected to give the 
least total roisistance at 85 percent of the stalling speed 
will bo satisfactory throughout the take-off run. 

2« The trim angles giving the minimum water resist- 
ance will also give the least total resistance at any 
speed during the take-off. Deviations of more than about 
1° in the regions of low excess thrust and more than 2 
or 3^ during the remainder of the take-off, will result 
in a serious increase in the time and distance required. 
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3m When a take-off is made with a head wind of less 
than 15 knots, the best trim angle for a given water speed 
does not differ "by more than alDout 1^ from that calculated 
for a take-off with no wind. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aexonautics, 
Langley Field, Vat, December 7, 1933, 
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APPEIIDIX 
Sample Calcalat ions 
General Data 

The following design data used in the examples in 
this note are the same as those used in references 1 and 2 

&ross load, Aq - 15,000 It. 

Wing area, 1,000 sq.ft. 

Power 1,000 hp. 



Effective aspect ratio, consid- 
ering ground effect --------- 7.0 

Parasite drag coefficient, ex- 
cluding hull 0,05 

Airfoil - - Clark Y (data taken from 
H.A.C.A. I.E. No. 352, p. 26) 

The water characteristico of Model 11-A given in 
reference 2 aro used in those examples. The "beam chosen 
for the example in that reference was 96.9 inches (8.07 
feet). The constants used in the calculations are thus: 

V V ^V__ 

y^g" b y^272T' 8T07 16.1 

__A _ ^ A ^ __A 

w h^ ~ 64 X 52 6 33700 

B. 

33700 



is the speed coefficient 
the load coefficient 
C|i, the resistance coefficient 



Cv = 

CA = 

Where 

Cv 

ca. 



lb 
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V, the speed, ft* per "'sefc.^^ ^ • • 

g, the acceleratl*6h- of-- g-iraVit-^^^ per sec.^ 

w, density of water, Ih* per cu#ft. 

Tb, heam, ft. 

•'••-'The thrust curve used in' the pr^^f ekaiiiples ' dif'f 'er s 
slightly from that used in references 1 and 2 in that it 
was ohtsiined from actual test data recently putlishad in 
reference 5. The thrust curve used in the previous notes 
was calculated^ hy Diehl^ls empirical " method as explained in 
reference 1* 

ErPECT OP WI1T& SETTING- 



The calculation of the effect of wing setting at a 
given speed is shown in* the* following tahle. The speed 
chosen is 56»3 feet per second, corresponding to a speed 
coefficient, = 3#5. 



a, deg. 


4 


6 


8 


10' 


• 12- 


14 


ol,-.: V 


0,7Q 


0.85 




.... 1.16 


. . 1.28 . 


U37 




2,630 


■.'2,190 


3,790 


4,,3.^0 


4^800 


5*130 


A, 113. 


13,380 


11,810 


11,310 


10,650 


If , 200 


9,870 


OA 


.368 


i.352 


• ..333 


.317 


.304 


.294 


Or 


.0623 


.0592 


i0560 


.0332 


.0510 


.0491 


R, It. 


3,100 


1,990 


1,890 


1,790 


1,720 


1,660 




.084 


.0975 


.113 


.130 


>1485 


.170 


D, It. 


310 


360 


420 


480 


550 


630 


R+D, It. 


2,410 


2,350 


2,310 


2,270 


2 , 270 


2,290 


Tq, dog. 


5.7 


5.6 


5.5 


5.4 


5.4 


5.3 


li deg. 


-1.7 


.4 


2.5 


4.6 


6,6 


8.7 



In this table. 



II.A.C.A. Teclinical Note No. 486 11 

the angle of attack, is selooted as the independent 
variable. 

is read for each value of a from figure 11 of ref- 
• eten ce i. 

is the wing lift calculated from the relation 

; ' L = Ci ^g-- = 3.750 Cl 

is the gross load less the wing lift, 15,000 - L. 
A 

33700 

is road for the. appropriate value of OA from the 
curve for = 3.5 in figure 10 of reference 2. 

the water resistance = Cji >^ 33,700, 

is read for the corresponding value of a froa fig- 
ure 11 of reference 1. 

p 

Cd -g— = 3,750 Cd. 

D is the total resistance. 

is the best trim ansle for the corresponding values 
of and Cy read from figure 11 of reference 2. 

the angle of wing setting = a - Tq* 
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EFFECT 0? DEVIATION ESOM TiIB BEST TEIM AlJOrL'S^ 



The following tatle shows the calculation of the to- 
tal air-plus-water resistance for a series of speeds, with 
the trim held l-l/2^ above the oest angle throughout the 
run. 



Cv 


1.8 


2.2 


2.6 


3.0 


4.0 


5,0 


5,5 


1 6.0 


V, f .p. s. 


28.9 


35.3 


41.7 


48.1 


64.2 


80.2 


88,3 


; 26.3 


T'oi deg. 


7,4 


7,5 


7.0 


6.4 


4.8 


4.3 


4,1 


3.7 


T» deg. 


8.9 


9.0 


8.5 


7.9 


6.3 


5.8 


5.6 


5,2 


a, deg* 


15, G 


15.7 


15.2 


14.6 


13.0 


12.5 


12.3 


11,9 




1 . 405 


1.40 


1.415 


1.40 


1 . 33 


1 . 30 5 


1.29 


1,27 


L, It. 


1390 


2070 


2920 


3830 


6470 


9340 


11900 


13950 


Af, It. 


13610 


12930 


12080 


11170 


8 550 


50 60 


5100 


10 50 




73.2 


69.5 


64.9 


60.0 


45.9 


27.2 


16.7 


5,6 




11,35 


13.1 


12.35 


10,5 


8.4 


7,0 


6.25 


4.3 


Ef, It. 


2110 


2440 


2300 


1950 


1560 


1300 


1160 


GGO 




,187 


,183 


.1825 


.1755 


.159 


.154 


.152 


,148 


D, It, ' 


183 


277 


375 


481 


775 


1170 


1400 


1630 


E+D, It. 


2290 


2720 


2680 


2430 


1 

2 340 J 


2470 


2550 


2 -'190 



In this table, 



Cyj the speed coefficient, is the independent varia'ble. 
T '^-^ Cv X / cb"'^-. 15.1 Gy. 

Tq is the best trim ani.-:le for the speed arid load in 

question, determined in the manner described in the 
example of reference 1. A curve of t at'=:ainst 
speed for the present example is given in fi^^uro 7. 
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T, the trim angle used = + 1#5^'. 



a, 



the angle of attack = T + i = T + 6.7, 



Cl is road for tho appropriate value of a from figure 
11 of referonco 1, 

L - Cl Sw^-/" =^ 1*185 Cl V^. 

is the full-scale load = 15,000 - 

is the load reduced to the scale of 

/ 17 \^ Af 
model 11-A = X 1^^^^) ^ ~~ . 

Rja is the model resistance at the appropriate values of 
Cy* 

In order to get the .original model data given in 

figures 2 to 6 of reference 2 must he used. Cross curves 
of model resistance against angle, similar to those of : 
figu.re 1 of the present note» are drawn from these data. 
These are again cross-faired hy drawing curves of Rj^ 
against Am for the appropriate value of T for each value 
of Cy Rjj^ is thon read for the corresponding value of 

Rf is the full-scale water resistance = 185»2 Rja« 

Gd is the air drag coefficient of the seaplane read from 
figure 11 of reference 1« 

D = Cd - 1.185 Cd 



R + D is the total resistance. 
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Fig. 1 




Cv-2.4 



1 3 5 7 9 
Trim angle, degrees 
Cv'4.5 



Cv-6.0 



Figvire 1.- Variation Of model resistance with trim angle. 
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Figs. 2,3 




to 

• r-l 

22,200 



^^2,000 



1.800^ 



6 8 
Angle of wing setting, degrees 

Figure 2.- Variation of total resistance with wing setting. 

o 









r 






















































1 — 1 




















F 


— 7]C 

o' 














1 'o 




o 

„ II _ 


















in 

( — 1 
+ 












1 >- 














in 






\ 

\ 




o 








ust 

1 




\ 














Thn 






W 
IX 




— u — 










Thr^ 


/ \ 


N 




















1 

/ 




















































■J 
















\ 


0 ' 








0 

^- 






I 


( ( 
















- 0 — 

It 








li 










o 

ri 




































































/ 



















o 
o 



o 

CD 

to 

o 

CD ^ 
Q) 

O ^ 



O 

CO 



o 
o 



o 
o 
o 



o 
o 
o 



o 
o 
o 



o 
o 



o 
o 



o 
o 



o 
o 



N.A.C.A. Technical Note No. 486 



Figs. 4,5,6,7 
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Technical Hote Ho» 486 ® 



Lens -* at least 1«5 in. ^ 
diameter and 10 in« ^ 
focal leagtlx. 

0^. 



Zero adjusting screws. 



Line h - h is the 
linage of the 
horizon to "be 
read on the 
scale. 




S - sromd-glass scale 
Light path, a + 1> + c = 
♦ !)• = focal 
length of lens, f • 
Xhe interval for 1^ on 
the scale = f -s- 57.3 



ligure a.-Diagraxa of trim-angle indicator. 



